Background-Gender differences in cardiac size have been described in normal humans and animals and in response to pressure overload. To examine the influence of gender on the left ventricular response to pressure overload, clinical, haemodynamic, and echocardiographic data were analysed in the 232 In the present study we examined gender differences in the response to pressure overload caused by stenosis of the aortic valve in adults undergoing balloon dilatation of the aortic valve. We hypothesised that both chamber geometry and left ventricular function may be different in men and women undergoing balloon dilatation of the aortic valve for stenosis.
had similar symptoms (New York Heart Association class) but lower overall functional status than men (P = 0.008). Catheterisation data showed similar valve area indices (mean (SD)) (0. 30 (0.09) in men and 0-31 (0.13) cmlm' in women) but higher peak and mean gradients in women (peak 74 (30) (32 (13) v 28 (12)%; P = 0-05); however, these differences were reduced when patients with regional wall motion abnormalities were excluded.
Conclusions-In this population of elderly patients undergoing balloon dilatation of isolated aortic stenosis, left ventricular chamber geometry was different in men and women. Because this was a selected population, gender should be fiurther evaluated as a possible determinant of the cardiac adaptation to chronic pressure overload. (Br Heart J 1995; 73:548-554) Keywords: Left ventricular mass; relative wall thickness; aortic stenosis; gender Left ventricular hypertrophy in aortic stenosis has long been of interest to both clinicians and physiologists as an index of the left ventricle's response to pressure overload and of the intricate interactions between haemodynamic load, cardiac remodelling, and ventricular performance. Because afterload also limits ventricular ejection, the success of the hypertrophic process can be judged by the extent to which stress is normalised. If stress is not reduced and the extent of hypertrophy is therefore inadequate, afterload excess may result, depressing pump performance.
Observations in both animals and humans suggest that cardiac size is different in the two sexes. Normal values for left ventricular mass are higher in men irrespective of whether they are unnormalised or normalised to body surface area or to height.' 2 Gender differences in the myocardium's ability to hypertrophy have not been extensively examined in humans, but several studies suggest that such differences may indeed exist. physiological"2 and pathological stimuli (pressure overload in spontaneously hypertensive rats) .13 In the present study we examined gender differences in the response to pressure overload caused by stenosis of the aortic valve in adults undergoing balloon dilatation of the aortic valve. We hypothesised that both chamber geometry and left ventricular function may be different in men and women undergoing balloon dilatation of the aortic valve for stenosis.
Patients and methods

STUDY POPULATION
We screened all 772 adults enrolled in the Balloon Valvuloplasty Registry who had balloon dilatation of the aortic valve at 24 medical centres between 1 November 1987 and 31 October 1989. Patients were chosen for balloon dilatation, valve replacement, or no intervention on the basis of referral by their physician. Each patient gave informed consent and the study protocol was approved by each institution's review board. Patients were excluded if any of the following were present or if data on the presence or absence of the condition were missing: coronary artery disease ( > 70% diameter stenosis of at least one coronary vessel), echocardiographic evidence of severe mitral regurgitation or severe aortic regurgitation, or any evidence of mitral stenosis. The rates of exclusion were similar in men and women except for documented coronary artery disease, which was more common in men (P = 0 01), and mitral stenosis, which was more common in women (P = 0004). The remaining 232 patients formed the study population. There were 92 men (28% of the men in the original cohort) and 140 women (31% of the women in the original cohort ( The relations between left ventricular peak systolic pressure and fractional shortening or left ventricular systolic function score were examined by linear regression.'8 Initially, a continuous variable (fractional shortening or left ventricular systolic function score), gender, and the interaction were included as independent variables. In both cases the interaction was non-significant and the model was reconstructed omitting that term. In a subsequent analysis relative wall thickness was added to these models.
Results
Women were older than their male counterparts (79 (9) v 75 (11) years, P = 0.002) but had a similar prevalence of congestive heart failure, syncope, and atrial fibrillation (table 2).
There were also no differences in New York Heart Association symptom classification between men and women. However, a more detailed 100 point score based on nine activities of daily living found that women scored lower in overall functional status. This difference persisted after adjustment for age. Women were more likely than men to have difficulty walking indoors, walking several blocks, walking one block, performing errands, driving, or performing vigorous activity, whereas there were no differences between men and women in the ability to care for themselves, move in and out of bed, or do housework. Thirty day mortality after balloon dilatation of the aortic valve tended to be higher in men (12%) than in women (5%), with a P value of 0-06 (0-60 in those without wall motion abnormalities (table 2) ).
Both Doppler echocardiographics and catheterisation measurements of peak resistance and aortic valve area index showed a similar severity of stenosis in men and women (table 3) . Catheterisation also showed higher peak and mean gradients in women than in men. There were no significant differences in the prevalence or severity of mitral or aortic regurgitation or in left ventricular outflow tract velocity between the two sexes.
LEFT VENTRICULAR SIZE AND HYPERTROPHY
GEOMETRY
Because of the marked difference in body size between men and women (table 2) all measurements were normalised to body surface area. After normalisation, women showed significantly greater septal and posterior wall Relative wall thickness was calculated as two times posterior wall thickness divided by cavity diameter, with all measurements taken at end diastole. Septal thickness index (mM/m2) 7-3 (1-8) (n = 75) 8-8 (2 3) (n = 111) < 0-0001 7-3 (1-6) (n = 51) 9-1 (2 2) (n = 84) < 0 0001 Posterior wall thickness (mm/m2) 7 0 (1-7) (n = 77) 8-5 (1 9) (n = 116) < 0-0001 6-9 (1-6) (n = 52) 8-6 (1 9) (n = 87) < 0 0001 Considering the population as a whole, all variables of left ventricular systolic function were higher in women than men including fractional shortening (32 (13) v 28 (12)%) and echocardiographic ejection fraction (55 (14) (n = 54) v 45 (19)% (n = 32), P = 0 01. When fractional shortening was considered by category, 56% of men but only 37% of women had reduced shortening, while 25% of men and 35% of women had normal fractional shortening, P = 002. In contrast, no differences were noted in these indexes of systolic function when comparing only those without regional wall motion abnormalities. In addition, overall left ventricular function judged echocardiographically showed that 58% of women had normal or enhanced function compared with 36% of men, while severely reduced function was found in 20% of men but only 9% of women (P = 0 001 for all patients; P = 0-02 for those without wall motion abnormalities).
Though calculation of left ventricular wall stress was impossible in this population derived from a registry data base, the question of afterload negatively influencing systolic function is of potentially great importance. We therefore examined the relations between left ventricular peak systolic pressure and fractional shortening and peak pressure and left ventricular systolic function score, as rough estimates of the stress-shortening relation. In both cases the regression lines for the two genders had the same slope, however, in men the y intercept was significantly lower than in women (P < 0-01 for all patients; P < 0-05 Although advanced age has been suggested as a limiting factor in the hypertrophic response to aortic stenosis, the women studied were actually older than the men and age did not affect the gender-hypertrophy relation. We found a higher relative wall thickness (h/R) in women; this is a measure of both ventricular shape and of hypertrophy that is independent of the sex specific, population derived cutoffs used for normal left ventricular mass. Finally, after adjusting for age, functional status, fractional shortening, and left ventricular systolic pressure, gender was independently associated with both the presence of hypertrophy and relative wall thickness. Studies of the natural history of heart disease in humans suggest that gender is an important determinant of outcome, although the direction may vary with the disease. Women seem to have a better prognosis in hypertension, yet a worse prognosis after myocardial infarction.'9 Gender differences in cardiac function are even less well explored. Several studies in rats have documented malefemale differences in myocardial function and biochemistry which can be altered by castration and/or hormone replacement, confirming that gender may be an important cardiac modulator.2>22 Female rats demonstrate left ventricular hypertrophy in response to exercise training while males do not.'2 In humans, gender differences have been noted in some aspects of cardiac physiology such as cardiac response to exercise and basal adrenergic tone2'25 and women with hypertension display a higher prevalence of hypertrophy than men with hypertension.56 In addition, a syndrome of hypertensive hypertrophic heart disease characterised by severe concentric hypertrophy, supranormal systolic function, and impaired diastolic function occurs much more commonly in women than in men. 26 Finally, and most germane, Carroll et The process of hypertrophy is thought to be a compensatory one-an attempt to normalise increased afterload. The lower relative wall thickness and prevalence of hypertrophy in men, despite similar valve areas, suggests that this process may be more commonly "inadequate" in men. Whereas women did have a higher peak left ventricular pressure, this may have been a reflection of better preserved systolic function. Other data also suggest that the excess afterload was better compensated in women: they had a higher cardiac index, fractional shortening, ejection fraction, and overall left ventricular function classification than did men.
The possible causes of the different remodelling and function can only be speculated upon. Perhaps the normally smaller female heart permits greater hypertrophy, and therefore better compensation, to occur. The normal female heart hypertrophies with age, in contrast to the male heart,3 perhaps in response to decreasing oestrogen levels after the menopause.2728 Ischaemia is known to occur as myocardial hypertrophy exceeds vascular growth and has been implicated in reduced ventricular function in hypertrophy. Though this vascular-myocardial mismatch might be expected to be most pronounced in the more hypertrophied hearts (that is, those of women) regional wall motion abnormalities tended to be more common in men and seemed to account for most, if not all of the observed difference in left ventricular function.
Despite better pump function, the women had a worse overall functional status score. This seemingly paradoxical finding may be partially explained in several ways. The women were older than the men, and might therefore be expected to be more frail and less independent. The higher relative wall thickness in women, though it is a compensatory response that normalises afterload, might also result in a greater degree of diastolic dysfunction. Our data also cannot address the possibility of either diastolic abnormalities or greater exercise intolerance in women.
Interestingly, the pattern of worse clinical characteristics yet better angiographic measures of left ventricular function in women has been noted in several earlier studies, including patients undergoing coronary artery bypass grafting.29
Because patients with severe coronary artery disease, or severe aortic or mitral regurgitation were excluded, the present study does not contend with the possible effects of such concomitant conditions. The similarity in prevalence of left ventricular hypertrophy in the population as a whole and in the subgroup analysis of those without regional wall motion abnormalities suggests that geometric remodelling was not significantly affected by ischaemia, although overall left ventricular function was impaired. Finally, no data are available on the duration of aortic stenosis or the presence of coexisting hypertension, both factors which may affect the extent of hypertrophy. This last point is particularly important as we cannot exclude possible differences in the natural history of aortic stenosis between men and women or in the point at which they come to medical attention.
Though a retrospective survey of a previously defined study population allows collection of a sample that is large enough to address questions of differences associated with gender, it creates some constraints and limitations. The population studied was limited to those symptomatic patients with isolated aortic stenosis who had balloon dilatation of the aortic valve. Thus it is possible that gender-based selection bias in referral for balloon dilatation such as has been reported for coronary angiography and bypass surgery, may have affected our patient population.3-32 However, if this were true, one would expect the female patients to be "sicker", to have more advanced disease, or to have a worse outcome: there were no such findings. It is also quite possible that healthy men were referred to cardiac surgery more often than healthy women, thus selecting a population of "sicker" men to undergo balloon dilatation of the aortic valve. This influence of either selection bias on our results cannot be readily excluded.
The slight female preponderance among our population may also be due to such gender bias, but is more likely to be the result of the tendency to refer older patients for balloon dilatation. An additional explanation of the gender distribution may be found in our exclusion of any patient with coronary disease: this excluded a greater percentage of men than women.
All data were collected by highly experienced echocardiographers who met to agree upon strict criteria for echocardiographic measurement and interpretation. While intra and inter observer variability were not recorded, there is no reason to suspect systematic error, so that variability in measurements between centres should not substantially affect overall results in this large population. Left 
